Original Article
In continuation to the above study, persuasive intervention in the form of monthly prescription auditing and feedback on antimicrobial prescribing, dissemination of educational resources and reminders were continued, but, in addition, FGD were performed. The aim of this study was to evaluate the impact of FGD as an adjunct intervention to the feedback strategy on antibiotic prescribing rates measured as daily defined doses/100 bed days (DDD/100BD) on hospital-based prescribers before and after the FGD.
MaterIals and Methods
The study was conducted at a tertiary care centre with 675 beds, , gynae endoscopy and arthroscopy [n = 2] joint replacement surgery [n = 1]) specialties. Medical units were excluded, to be included in the later phase of the study. Furthermore, units, who generally did not prescribe antibiotics (e.g., psychiatrists, dermatologists, doctors practicing alternative medicine, and laboratory-based doctors) or for whom the methodology used does not provide guidelines for measuring antibiotic consumption as paediatric surgery and neonatology units were excluded from the study. Antimicrobial prescribing rates from free wards, intensive care unit, outpatients, day-care wards and dialysis were also excluded from the study. Prescription of a member of the unit was considered a group decision of that unit.
Antibiotic consumption data were retrieved electronically by speedminer software (Petaling Jaya, Malaysia), part of the hospital information system (Intersystem Cambridge, MA, USA) and was expressed in DDD/100BD as defined by the WHO. [7] Interventional feedback in the form of a feedback sheet containing relevant information about their respective units' prescription pattern along with information on their unit's percentile score and the median antibiotic prescribing across all units in the hospital on a monthly basis was distributed to all the doctors of the involved units, electronically and as a hard copy [ Figure 1 and Table 1 ]. Persuasive intervention in the form of FGD was performed for each unit focussing on their prescription behaviour and changes that could be done to reduce antibiotic consumption in the respective units. Method, the significance of measuring antibiotic consumption, the possible reasons for high antibiotic prescription of a particular unit and adherence to the antibiotic policy were discussed. At the end, consensus recommendations were made with the aim to reduce their antibiotic prescription rate. Every month FGD was conducted with one speciality so as to cover all specialities included in the study on turnkey basis. The month of the FGD with a speciality (consisting of few units with similar demographics) was taken as the month of persuasive intervention for that unit. The entire proceedings of the meeting were compiled and shared with all members of the unit for its exactness before circulating in that speciality. FGD was considered successful even if a single doctor of the unit was present for the meeting. Retrospective antibiotic consumption data from July 2012 to June 2013, for all units, was taken as the baseline antimicrobial prescribing behaviour pattern for the respective units undergoing FGD. Total systemic (oral or parenteral) antimicrobial use in each unit, measured in DDD/100 bed days was taken as the sole outcome measure. To assess the impact and sustainability of FGD, retrospective or preintervention antibiotic consumption data were compared with the prospective or post-intervention data of the respective units 3 and 6 months post-FGD. Institutional consent from the hospital administration and ethical approval (reference no. EC/11/13/608) was obtained before the study.
Statistical analysis
Median values of antibiotic consumption by units were calculated for 1 year pre-intervention and 3 and 6 months post-intervention period. The outcome was assessed using segmented regression analysis of interrupted time series data which is the strongest quasi-experimental design to assess the longitudinal effects of the intervention. [9] This method estimated changes in the level (a jump or drop in the outcome after the intervention, constituting an abrupt intervention effect) and trend (month-to-month change in the antibiotic consumption before as well as after the intervention) for the outcome measure while taking into account the baseline trends of previous year for that particular unit. The value of P < 0.05 was considered statistically significant.
results
Of the 45 units included in the study, intervention data were analysed for 35 (77.77%) surgical units of the hospital. Of the 10 (22.22%) units for which intervention data were not analysed, FGD could not be conducted for 1/10 (10%) units, in-patient bed days were insufficient in 5/10 (50%) units to derive a meaningful result and FGD was considered unsuccessful for 4/10 (40%) units as no one turned up for the meeting [ Figure 2 ].
Overall antibiotic consumption of the surgical units
The median DDD/100 BD for all surgical units of the hospital from July 2012 to August 2015 was 187.10 (range 185.88-190.68). Overall antibiotic prescription reduced from 190.68 DDD/100BDs to 185.88 DDD/100 BDs (−2.5%) and 187.14 DDD/100 BDs (−1.88%) in 3 and 6 months period post-intervention, respectively. Increase in the use of penicillin, 2 nd generation cephalosporins and clindamycin was associated with a decrease in the use of 3 rd and 4 th generation cephalosporins, β-lactam inhibitors, quinolones, macrolides, aminoglycosides, carbapenems, glycopeptides, linezolid, colistin and tigecycline [ Figure 3 ]. The unit of endoscopic gynaecology prescribed least antibiotics followed by the units of super speciality and transplant surgery and cardiac surgery.
Impact of intervention
To assess the impact of the intervention on antibiotic consumption in the included surgical units during 3 and 6 months post-intervention period, intuitive graphical presentation of results and visual inspection of the series over time was performed. In an effort to standardise for the seasonal variations in antibiotic prescribing, graph was plotted by dividing figures of a month by those of same month next year [ Figure 4 and Table 1 ]. endoscopic gynaecology, cardiac surgery and super speciality and transplant surgery B showed a 66.47%, 46.06% and 26.36% reduction in antibiotic consumption from the pre-intervention levels, respectively [ Figure 5 ].
Post-intervention at 3 months

Post-intervention at 6 months
Post 6 months following intervention 11/35 (31.42%) units demonstrated a reduction in antimicrobial consumption. Ten of thirty-five (28.57%) units had earlier shown a reduction during the 3 months post-intervention period. Orthopaedics unit F was an additional unit in which a decrease was observed during this period. A significant reduction (P < 0.05) was observed for the units of endoscopic gynaecology, super-speciality and transplant surgery units B and C, and orthopaedic unit C with 71.06%, 38.42%, 61.85% and 26.33% decreased usage, respectively. Although 24.09% reduction in antibiotic consumption occurred in the unit of cardiac surgery, it could not attain a significant level (P < 0.05) at 6 months. However, antibiotic prescription increased in the 5/15 (33.33%) units, which had previously shown non-significant decrease in antibiotic consumption [ Figure 5 ].
Sustainability of impact
Sustained impact over time defined as a persistent reduction during the 3 and 6 months period post-intervention with significant levels (P < 0.05) at the end of 6 months persisted in 4/35 units (11.42%) (Endoscopic gynaecology, super-speciality surgery and transplant units B and C and orthopaedics C) indicating poor sustainability of the impact.
Effect on trend
A reducing change in trend, defined by a decrease in the slope of the segment after the intervention as compared with the segment preceding the intervention was observed in 13/35 (37.14%) units. Of these, 7/13 (20%) units had demonstrated a reduction in levels post-intervention either during the 3 or 6 months period. Significant decrease, however (P < 0.05) was observed in 2/35 (5.71%) units (Superspeciality surgery and Table 1 ].
Reversal of effects/no change
The intervention did not impact 19/35 units (54.28%) as is evident by an increase/no change in the antibiotic consumption during the entire 3 and 6 months post-intervention period.
dIscussIon
An effort was undertaken using a combination of passive and persuasive interventions among surgical units of the hospital to see if this could result in the reduction of the antibiotic prescription.
This study highlights two important facts. First, the meagre reduction (−1.88%) in antibiotic consumption post intervention and second, poor sustainability of the impact shown by initial (post 3 months of intervention) reduction of antibiotic prescription seen in 42.8% of the units which further reduced to 31.42% at 6 months of intervention. Although previous intervention studies have demonstrated successful strategies for altering prescribers' behaviour, most have focussed on discouraging use of specific drugs rather than reducing overall antibiotic prescriptions. [10, 11] In contrast, literature from the west has demonstrated that the dissemination of educational materials in the context of focused stewardship activities can be successful. In a Cochrane review published in 2013, [12] dissemination of educational materials through printed forms or meetings was associated with reduced antibiotic use in 5 of 6 studies; the reduction ranging from 10.6% to 42.5%.
The study demonstrates the varied results obtained whereby few units demonstrated a significant decrease in the level of antibiotic consumption while the rest either remained unchanged or demonstrated an increase even after adding an intervention like FGD. Furthermore among units which showed a decrease in DDD/100 BD following 3 months post-intervention, but did not attain a significant level in the majority. The study throws up the challenge at the sustainability of the intervention as the effects did not persist for > 3 months irrespective of the surgical speciality. For example, the unit of cardiac surgery, handling mostly clean surgeries, did have a decrease in the antibiotic consumption by the end of 3 months post-intervention, but the DDD/100 BD soon increased following an isolated case of microbiologically unproven mediastinitis. This caused a decrease in confidence among the treating surgeons due to which they reverted to their pre-intervention practice. It was however agreed on that factors other than a reduction in antibiotic prescriptions lead to this episode and corrective actions were taken. This attribute has also been discussed previously wherein a decrease in confidence has been observed subsequent to the introduction of a new protocol for a prescription. [13, 14] Landgren et al., [15] performed an educational programme that targeted peri-operative prophylaxis as an intervention. This resulted in antibiotic prescription improvement during the intervention period but could not be sustained over the next 12 months.
Although quantitative measurements of antibiotic prescribing have been described, behavioural change is difficult to be quantified. Factors that promote overuse of antibiotics are lack of education, prior experience, patients' expectations and economics. The patients' expectations of being prescribed antibiotics while being admitted, insecurities leading to surgical sepsis faced by surgeons and lack of adequate knowledge and confidence, contribute mostly to misuse and overuse of antibiotics in a tertiary care hospital. Furthermore prescribing is subject to multiple variations due to cultural beliefs, prescribing etiquette resulting from medical hierarchy and professional relationships, [13] uncertainty about the exact diagnosis or treatment, concern about time schedule (time pressure and workload), worries because of experience of patients' misfortune due to infections. Moreover, concern about not having the energy to resist demands, fear of medico-legal problems if the patient deteriorates, fear of being perceived as having done nothing for patients and worries about endangering the doctor-patient relationship are other plausible reasons for non-pharmacological prescribing of antibiotics. [13, 16] As persuasive interventions rely on behaviour change of individual prescribers, an understanding of the barriers and facilitators of behaviour change should be understood first and the interventions should be targeted to the audience in whom behaviour change is desired. In addition, more supervision of antibiotic prescriptions and doses prescribed by junior doctors need be monitored by senior surgeons as mentors.
The inadequate diagnostic tests encourage antibiotic prescriptions for situations where these are not required. Another reason for antibiotic abuse is the cost of antibiotics which is much cheaper than the cost of investigations. Economically weaker sections who cannot afford the cost of treatment and diagnostics both, a choice has to be made between the two.
The major strength of the study is time series designs and analysis to estimate intervention effects. Segmented regression analysis was used to estimate dynamic changes and outcomes following intervention intended to reduce antibiotic use while controlling for secular changes that may have occurred in the absence of intervention. While this study focused on the effect of FGD when the previous passive intervention [8] was allowed to continue in the form of feedback sheets. Therefore, the current results obtained could be as a result of the combination of both the interventions.
Some limitations of the study however exist. First, the study was conducted in a tertiary care hospital with all varieties of referral cases and an active transplant centre, a case mix was observed in most of the surgical units. Deviation of patient categories from clean cases to clean contaminated and contaminated cases can result in the use of antibiotics irrationally. Second, the outcome was measured in terms of reduction of antibiotic consumption. The outcome in terms of clinical cure of patient and infection free days if included would have been a better indicator. It would also be helpful in instilling confidence among the prescribers. Third, segmented regression analysis generally aggregates individual-level data by time point. The unit of analysis was the monthly median prescription data of the entire unit, rather than each's prescription per month. Thus, individual-level covariates were not addressed in the analysis.
However, on follow-up, the antibiotic consumption of all units after the post-intervention period, the DDD/100 bed days did not change even after completing a year of (until December 2016) the time-bound FGD. [17] This further reiterates the poor sustainability of the backend approach as an intervention. Furthermore, short-term impact of the educational methods and discussions were found hard to be sustainable over a longer period. The knowledge base of the prescribers was also a limiting factor in attaining behavioural changes over a period.
conclusIon
As education and FGDs are the backhand approach in AMS wherein the usage of antibiotics are controlled after their prescription, further studies on the utility of front hand approach wherein the antibiotics are restricted before their prescription by strategies such as pre-authorisation requirements, formulary restrictions and computer decision support systems needs to be tested. Rigorous antibiotic policy implementation followed by restrictive interventions and a multimodality approach is the need of the hour. Multiple FGDs and a prolonged period should be used to measure the impact of the period. It is recommended and imperative that AMS be included in the curriculum during graduate and postgraduate training of the medical students.
